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Abstract Nano-SnCl4 · SiO2 as a solid Lewis acid has been synthesized by the reaction of nano-SiO2
and SnCl4. The structure characterization of this acid has been studied by FT-IR (ATR), XRD and SEM.
Nano-SnCl4 · SiO2 has been found to be an extremely efficient catalyst for the preparation of 2,4,5-
trisubstituted imidazoles via three-component reactions of benzil, aldehydes and ammonium acetate
under mild conditions. This process was simple and environmentally benign with high to excellent yields.
Furthermore, the catalyst could be recovered conveniently and reused for at least three times.
© 2013 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Solid acids have many advantages over liquid acids, they do
less harm to the environment and have no corrosion or dis-
posal of effluent problems. Many of them are reusable and easy
to separate from liquid products. As economically and environ-
mentally benign catalysts, their research and application have
attracted much attention in chemistry and industry. The re-
placement of traditional homogeneous catalysts with hetero-
geneous solid acids is becoming an inevitable trend [1–4].
Tin tetrachloride as a powerful Lewis acid is highly volatile,
corrosive, and difficult to handle. It is hydrolyzed to produce
HCl in the presence of moisture. Silica-supported SnCl4 [5,6] is
a mild solid Lewis acid that promotes acid catalyzed organic
reactions. This catalyst does not need special precautions for
preparation, handling, or storage. It can be stored at an ambient
temperature for months without losing its catalytic activity.
This catalyst has been previously applied to the one pot
synthesis of β-acetamidoketones [7], acylals [8] and silylation
of hydroxyl group [9].
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doi:10.1016/j.scient.2013.02.008Compounds with an imidazole moiety have many pharma-
cological properties and play important roles in biochemical
processes [10]. Many of the substituted imidazoles are known
as inhibitors of fungicides and herbicides, plant growth regu-
lators and therapeutic agents [11]. Recent advances in green
chemistry and organometallic chemistry have extended the
boundary of imidazoles to the synthesis and application of a
large class of imidazoles as ionic liquids and imidazole related
N-heterocyclic carbons [12]. The best reported route for synthe-
sis of 2,4,5-trisubstituted imidazoles is condensation of benzil,
aldehyde and ammonium acetate in the presence of an acidic
catalyst. Recently some catalysts such as L-proline [13], mont-
morillonite K10 [14], zeolite [14], nano sulfated zirconia [14],
1-ethyl-3-methylimidazole acetate [EMIM]OAc [15], zinc acety-
lacetonate (Zr(acac)4) [16], 1-(2-hydroxyethyl)-3-methyl im-
idazolium tetrafluoroborate ([HeMIM]BF4) [17], acetic acid
(HOAc) [18], tetrabutyl ammonium bromide (TBAB) [19],
polymer supported zinc chloride [20] and potassium dihy-
drogen phosphate [21] have been applied for the above
mentioned route. Some of the reported protocols have dis-
advantages such as harsh reaction conditions, poor yields,
prolonged time periods, and use of hazardous and often expen-
sive acid catalysts. Moreover, the synthesis of these heterocycle
compounds has been usually carried out in polar solvents such
as ethanol, methanol, acetic acid, dimethylformamide (DMF)
and dimethylsulfoxide (DMSO) leading to complex isolation
and recovery procedures. These processes also generate waste
containing catalysts and solvent, which have to be recovered,
evier B.V. Open access under CC BY-NC-ND license.
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Figure 1: (a) SEM and (b) TEM photographs of nano-SnCl4·SiO2 .
Figure 2: ATR spectrum of: (a) nano-SiO2 , (b) nano-SnCl4·SiO2 , and (c) SnCl4 .
treated and disposed off. During the course of our studies to-
wards the development of new protocols for the synthesis of
organic compounds, we wish to report a simple and efficient
method for the synthesis of 2,4,5-triarylsubstituted imidazoles
in the presence of nano-SnCl4·SiO2.
2. Results and discussion
Nano silica supported tin tetrachloride (nano-SnCl4·SiO2)
as an efficient acidic catalyst was prepared via a reaction of
nano-SiO2 with SnCl4. The dimensions of nanoparticles were
observed with a scanning electron microscope (SEM) and
transmission electron microscopy (TEM). The particle size of
synthesized nano-SnCl4·SiO2 is in nano scale (Figure 1).
By acid-base titration, we have found 1 g of catalyst in water
produced 3.24 mmol of H+ or Cl−. For the determination of
the loading amount of Sn on 1 g of 50% SnCl4·SiO2, we have
added 10 mL aqueous solution of NaOH (0.16 M) to 1 g of
catalyst and boiled it for 10 min. The remained silicagel has
been isolated from the obtained Sn(OH)4 solution by filtration
and, the Sn(OH)4 solution was evaporated to obtain a dry
Sn(OH)4 powder. The calculated loading amount of Sn in the
catalyst was 162mg g−1 or 1.374mmol g−1. According to above
obtained data, SnCl4·SiO2 is a mixture of SiO2–SnCl3 (36%) and
SiO2–SnCl2–SiO2 (64%).
Figure 2 presents the FT–IR (ATR) spectra of nano-SiO2,
nano SnCl4·SiO2 and SnCl4. In two spectra, very broad OH
stretching bands were observed with strong intermolecular
hydrogen bonding. In the ATR spectra of nano SnCl4·SiO2 and
SiO2, the absorption bands for Si–OH and Si–O–Si appeared in
∼700 cm−1 and∼1100 cm−1 respectively. In the ATR spectrum
of nano-SnCl4·SiO2, the O–Sn–Cl, Si–OH and Si–O–Si absorption
bands were observed in 900, 700 and 1100 cm−1 respectively.Scheme 1: Synthesis of 2,4,5-tri substituted imidazoles in the presence of
nano-SnCl4·SiO2 at 130 °C under solvent-free conditions.
X-ray diffraction studies are performed for commercial
nano-SiO2 and nano-SnCl4·SiO2 catalysts and the obtained
diffractograms are displayed in Figure 3. In the diffractogram
of nano-SiO2, one broad reflex centred at 2θ around 21.8024°
with FWHM equal to 0.1771 appears. But the nano-SiO2 XRD
diffractogram shows two broad reflexes centered at 2θ around
14.1121 and 21.7195°with FWHMs equal to 0.4723 and 1.4170
respectively. According to the Scherrer equation [22], the
broadening of peaks implies a decrease in the crystalline size
of nano-SnCl4·SiO2. Additional broad reflexes at the 2θ value of
14.1121° show that Sn is bonded to SiO2 and the form proposed
Si–O–Sn bonds. According to all above data, we suggest an
assumed structure for nano-SnCl4·SiO2 (Figure 4).
To find the optimum conditions for the synthesis of 2,4,5-
trisubstituted imidazoles in the presence of nano-SnCl4·SiO2,
we have synthesized 2,4,5-triphenyl imidazole under various
conditions (Table 1).
The reactions at different temperatures and various molar
ratios of substrates in the presence of SnCl4·SiO2 have revealed
that the best conditions are solvent-free at 130 °Cwith a ratio of
aldehyde (mmol): benzil (mmol): ammonium acetate (mmol):
nano-SnCl4·SiO2 (g) equal to 1:1:2:0.03.
Nano-SnCl4·SiO2 catalyst was reused by simple washing
with CHCl3 (2 × 5 mL), acetone (2 × 5 mL), and drying at
room temperature. Using the recycled catalyst four to five
consecutive times in the synthesis of imidazoles furnished the
products with no significant decrease in yields. (Table 1, entries
17 and 18).
The versatile application of the one-pot synthesis of 2,4,5-
trisubstituted imidazoles was confirmed by using various
aldehydes as substrates at 130 °C under solvent-free conditions
(Scheme 1 and Table 2).
3. Conclusion
In conclusion, we have demonstrated a simple method for
the synthesis of 2,4,5-trisubstituted imidazoles using nano
SnCl4·SiO2 as a reusable, eco-friendly, inexpensive and efficient
catalyst. Short reaction times, high yield, simplicity of operation
and easy work-up are some advantages of this method.
4. Experimental section
Products have been characterized by FT–IR (ATR), 1H-NMR
and by comparison of their physical properties with those
reported in the literature. FT–IR (ATR) spectra have been run on
a Bruker, Eqinox 55 spectrometer. 1H-NMR spectra have been
obtained using a Bruker Avans 400 MHz spectrometer (DRX).
Melting points have been determined by a Buchi melting point
B-540 B.V.CHI apparatus and are uncorrected. Also the SEM and
TEMphotographs of nano particles have been determined using
a VEGA/TESCAN and 912AB OMEGA microscopes, respectively.
The X-ray diffraction (XRD) patterns of materials have been
recorded by employing a Philips Xpert MPD diffractometer
equipped with a Cu Kα anode (λ = 1.54 A°) in the 2θ range
from 10 to 80.
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Entry Catalyst (g) Solvent Condition Time (h) Yieldb (%) Ref.
1 50% SnCl4·SiO2 (0.05) – 110 °C 2 60 –
2 50% SnCl4·SiO2 (0.06) – 110 °C 2 78 –
3 50% SnCl4·SiO2 (0.07) – 110 °C 2 80 –
4 50% SnCl4·SiO2 (0.08) – 110 °C 2 85 –
5 50% SnCl4·SiO2 (0.08) – 130 °C 2 97
6 50% SnCl4·SiO2 (0.08) DMSO 110 °C 4 70 –
7 50% SnCl4·SiO2 (0.08) CH2Cl2 45 °C 6 10 –
8 50% SnCl4·SiO2 (0.08) n-Hexan 50 °C 12 45 –
9 50% SnCl4·SiO2 (0.08) EtOH 75 °C 3 50 –
10 50% SnCl4·SiO2 (0.08) HOAc 80 °C 4 30 –
11 50% SnCl4·SiO2 (0.08) MeOH 65 °C 4 35 –
12 50% SnCl4·SiO2 (0.08) Isopropanol 82 °C 5 55 –
13 50% SnCl4·SiO2 (0.08) – Ball mill 1 30 –
14 50% SnCl4·SiO2 (0.08) Ethyl acetate Ultrasound 0.5 60 –
15 35% nano-SnCl4·SiO2 (0.02) – 130 °C 2 81
16 35% nano-SnCl4·SiO2 (0.03) – 130 °C 2 96 –
17 35% nano-SnCl4·SiO2 (0.03) 2nd run – 130 °C 2 75 –
18 35% nano-SnCl4·SiO2 (0.03) 3rd run – 130 °C 2 60 –
19 L-Proline MeOH 60 °C 9 90 [13]
20 Zeolite EtOH Reflux 60 (min) 80 [14]
21 K10b EtOH Reflux 90 (min) 70 [14]
22 Nano-sulfated zirconia EtOH Reflux 45 (min) 87 [14]
23 [EMIM]OAc EtOH Ultasound/r.t. 45 (min) 87 [15]
24 Zr(acac)4 EtOH Ultasound/r.t. 25 (min) 94 [16]
25 Zr(acac)4 EtOH Reflux 2.5 90 [16]
26 [HeMIM]BF4 – MW 2 (min) 93 [17]
27 – HOAc MW 5 (min) 98 [18]
28 TBAB Isoproanol 82 °C 20 (min) 95 [19]
29 Polymer-ZnCl2 EtOH Reflux 4 96 [20]
30 KH2PO4 EtOH Reflux 40 (min) 93 [21]
31 SSA – 130 °C 50 (min) 83 [23]
32 SSA – mw 10 (min) 85 [23]
33 I2 EtOH 75 °C 15 (min) 99 [24]
34 [Hbim]BF4 – 100 °C 25 (min) 93 [25]
35 InCl3·3H2O MeOH r.t 12 73 [26]
36 – PEG-400 110 °C 1/5 88 [27]
37 Yb(OTf)3 HOAc 70 °C 2 92 [28]
a The molar ratio of benzil, benzaldehyde, and ammonium acetate is 1:1:2.
b Isolated yield.Table 2: Nano-SnCl4·SiO2 catalyzed synthesis of 2,4,5-trisubstituted
imidazoles at 130 °C and solvent-free conditions for 2 h.
Ent. Ar Yield (%)a M.P. °C (lit.) Ref.
1 C6H5 95 275–276 (274–275) [15]
2 4-CH3C6H4 83 228–229 (227–229) [23]
3 4-NO2C6H4 96 240–242 (239–242) [15]
4 4-ClC6H4 95 260–261 (260–262) [14]
5 2-OMeC6H4 80 210–212 (210–211) [13]
6 4-OMeC6H4 85 230–231 (230–231) [16]
7 2-ClC6H4 89 187–188 (188) [25]
8 2, 4-DiClC6H3 91 173–174 (174–175) [16]
9 4-BrC6H4 92 255–256 (254–256) [14]
10 2-NO2C6H4 87 229–230 (230–231) [13]
11 3-NO2C6H4 93 >300 (>300) [27]
12 2-BrC6H4 90 202 (201–202) [15]
a The ratio of aldehyde (mmol): benzil (mmol): ammonium acetate
(mmol): nano-SnCl4·SiO2 (g) is equal to 1:1:2:0.03.
4.1. General procedures for the synthesis of 2,4,5-trisubstituted
imidazoles in the presence of nano-SnCl4·SiO2
A mixture of benzil (1 mmol), aldehyde (1 mmol), ammo-
niumacetate (2mmol) andnano-SnCl4·SiO2 (0.03 g)was heatedwith stirring at 130 °C for 2 h. After completion of the reaction
(monitored by TLC), CHCl3 was added to the cold reaction mix-
ture and the catalyst was recovered by filtration and washed
with chloroform (2×5mL) and acetone (2×5mL). After evap-
oration of the solvents, an oily residue or an impure solid was
obtained. By adding ethanol and water to the residue, a milky
to yellow solid was obtained. The solid was then recrystallized
from ethanol. All the products were known and were identified
by comparison of their physical and spectral data with those of
authentic samples.
4.2. Preparation of 50% SnCl4·SiO2 (1) and 35% nano-SnCl4·SiO2
(2)
For synthesis of (1), 0.5 g (0.22 mL) of SnCl4 was added
drop wise to a mixture of 0.5 g of silica gel and 5 mL of
chloroform. For synthesis of (2), 0.35 g (0.16 mL) of SnCl4
was added drop wise to a mixture of 0.65 g of nano-silica gel
and 5 mL of chloroform. The obtained mixtures were stirred
for one hour at room temperature. The resulted suspensions
were filtered, washed with chloroform and dried at room
temperature.
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Acknowledgment
The Central Iron Ore and Strategic of Research Centre
gratefully acknowledged for the financial support of this work.
References
[1] Mirjalili, B.F., Bamoniri, A. and Akbari, A. ‘‘Nano-BF3·SiO2: a reusable
and eco-friendly catalyst for synthesis of quinoxalines’’, Chem. Heterocycl.
Compd., 47, pp. 487–491 (2011).
[2] Sadeghi, B.,Mirjalili, B.F. andHashemi,M.M. ‘‘BF3·SiO2: an efficient reagent
system for the one-pot synthesis of 1, 2, 4, 5-tetrasubstituted imidazoles’’,
Tetrahedron Lett., 49, pp. 2575–2577 (2008).[3] Sadeghi, B., Mirjalili, B.F. and Hashemi, M.M. ‘‘BF3·SiO2: an efficient
heterogeneous alternative for regio-chemo and stereoselective claisen-
schmidt condensation’’, J. Iran. Chem. Soc., 5, pp. 694–698 (2008).
[4] Mirjalili, B.F., Bamoniri, A. and Akbari, A. ‘‘BF3·SiO2: an efficient alternative
for the synthesis of 14-aryl or alkyl-14H-dibenzo a, j xanthenes’’,
Tetrahedron Lett., 49, pp. 6454–6456 (2008).
[5] Pilling,M.J., Gardner, P., Pemble,M.E. and Surman,M. ‘‘A far-infrared RAIRS
investigation of SnCl4 on a silica surface using the buried metal layer
approach’’, Surf. Sci., 418, pp. L1–L7 (1998).
[6] Pilling, M.J., Gardner, P., Kausar, R., Pemble, M.E. and Surman, M. ‘‘A far-
infrared RAIRS investigation of SnCl4 and water on thin-film carbon and
silica surfaces’’, Surf. Sci., 433–435, pp. 22–26 (1999).
[7] Mirjalili, B.F., Hashemi, M.M., Sadeghi, B. and Emtiazi, H. ‘‘SnCl4/SiO2:
an efficient heterogeneous alternative for one-pot synthesis of β-
acetamidoketones’’, J. Chin. Chem. Soc., 56, pp. 386–391 (2009).
[8] Li, H.C. and Li, Y.Q. ‘‘A rapid and convenient synthesis of acylals from
aldehydes and acetic anhydrides catalyzed by SnCl4/SiO2 ’’, Chin. Chem.
Lett., 12, pp. 565–568 (2001).
[9] Niknam, K., Zolfigol, M.A., Saberi, D. and Molaee, H. ‘‘Preparation of
silica supported tin chloride: as a recyclable catalyst for the silylation of
hydroxyl groupswithHMDS’’, J. Chin. Chem. Soc., 56, pp. 1257–1264 (2009).
[10] Lambardino, J.G. and Wiseman, E.H. ‘‘Preparation and antiinflammatory
activity of some nonacidic trisubstituted imidazoles’’, J. Med. Chem., 1(7),
pp. 1182–1188 (1974).
[11] Jayabharathi, J., Thanikachalam, V., Rajendraprasath, N., Saravanan, K. and
Perumal, M.V. ‘‘Antioxidant potential and antimicrobial screening of some
novel imidazole derivatives: greenway efficient one pot synthesis’’, Med.
Chem. Res., 21, pp. 1850–1860 (2012).
[12] Welton, T. ‘‘Solvents for synthesis and catalysis’’, Chem. Rev., 99,
pp. 2071–2084 (1999).
B.F. Mirjalili et al. / Scientia Iranica, Transactions C: Chemistry and Chemical Engineering 20 (2013) 587–591 591[13] Samai, S., Nandi, G.C., Singh, P. and Singh, M.S. ‘‘L-Proline: an efficient
catalyst for the one-pot synthesis of 2, 4, 5-trisubstituted and 1, 2, 4, 5-
tetrasubstituted imidazoles’’, Tetrahedron, 65, pp. 10155–10161 (2009).
[14] Teimouri, A. and Najafi Chermahini, A. ‘‘An efficient and one-pot synthesis
of 2, 4, 5-trisubstituted and 1, 2, 4, 5-tetrasubstituted imidazoles catalyzed
via solid acid nano-catalyst’’, J. Mol. Catal. A: Chem., 346, pp. 39–45 (2011).
[15] Zang, H., Su, Q., Mo, Y., Cheng, B.W. and Jun, S. ‘‘Ionic liquid [EMIM]OAc
under ultrasonic irradiation towards the first synthesis of trisubstituted
imidazoles’’, Ultrason. Sonochem., 17, pp. 749–751 (2010).
[16] Khosropour, A.R. ‘‘Ultrasound-promoted greener synthesis of 2, 4, 5-
trisubstituted imidazoles catalyzed by Zr(acac)4 under ambient condi-
tions’’, Ultrason. Sonochem., 15, pp. 659–664 (2008).
[17] Xia, M. and Lu, Y. ‘‘A novel neutral ionic liquid-catalyzed solvent-
free synthesis of 2, 4, 5-trisubstituted imidazoles under microwave
irradiation’’, J. Mol. Catal. A: Chem., 265, pp. 205–208 (2007).
[18] Wolkenberg, S.E., Wisnoski, D.D., Leister, W.H., Wang, Y., Zhao, Z. and
Lindsley, C.W. ‘‘Efficient synthesis of imidazoles from aldehydes and 1,
2-diketones using microwave irradiation’’, Org. Lett., 6, pp. 1453–1456
(2004).
[19] Chary, M.V., Keerthysri, N.C., Vupallapati, S.V.N., Srinivasu, V.N., Linga-
iah, N. and Kantevari, S. ‘‘Tetrabutylammonium bromide (TBAB) in iso-
propanol: an efficient, novel, neutral and recyclable catalytic system for
the synthesis of 2, 4, 5-trisubstituted imidazoles’’, Catal. Commun., 9,
pp. 2013–2017 (2008).
[20] Wang, L. and Cai, C. ‘‘Polymer-supported zinc chloride: a highly active
and reusable heterogeneous catalyst for one-pot synthesis of 2, 4, 5-
trisubstituted imidazoles’’,Monatsh. Chem., 140, pp. 541–546 (2009).
[21] Joshi, R.S., Mandhane, P.G., Shaikh,M.U., Kale, R.P. andGill, C.H. ‘‘Potassium
dihydrogen phosphate catalyzed one-pot synthesis of 2, 4, 5-triaryl-1H-
imidazoles’’, Chin. Chem. Lett., 21, pp. 429–432 (2010).
[22] Jenkins, R. and Snyder, R.L., Introduction to X-Ray Powder Diffractometry,
John Wiley & Sons Inc. pp. 89–91 (1996).
[23] Shaabani, A., Rahmati, A., Farhangi, E. and Badri, Z. ‘‘Silica sulfuric
acid promoted the one-pot synthesis of trisubstituted imidazoles under
conventional heating conditions or using microwave irradiation’’, Catal.
Commun., 8, pp. 1149–1152 (2007).
[24] Kidwai, M., Mothsra, P., Bansal, V., Somvanshi, R.K., Ethayathulla, A.S.,
Dey, S. and Singh, T. ‘‘One-pot synthesis of highly substituted imidazolesusing molecular iodine: a versatile catalyst’’, J. Mol. Catal. A: Chem., 265,
pp. 177–182 (2007).
[25] Siddiqui, S.A., Narkhede, U.C., Palimkar, S.S., Daniel, T., Lahoti, R.J. and
Srinivasan, K.V. ‘‘Room temperature ionic liquid promoted improved and
rapid synthesis of 2, 4, 5-triaryl imidazoles from aryl aldehydes and 1, 2-
diketones or α-hydroxyketone’’, Tetrahedron, 61, pp. 3539–3546 (2005).
[26] Sharma, S.D., Hazarika, P. and Konwar, D. ‘‘An efficient and one-pot
synthesis of 2, 4, 5-trisubstituted and 1, 2, 4, 5-tetrasubstituted imidazoles
catalyzed by InCl3·3H2O’’, Tetrahedron Lett., 49, pp. 2216–2220 (2008).
[27] Wang, X.C., Gong, H.P., Quan, Z.J., Li, L. and Ye, H.L. ‘‘PEG-400 as an efficient
reaction medium for the synthesis of 2, 4, 5-triaryl-1H-imidazoles and 1,
2, 4, 5-tetraaryl-1H-imidazoles’’, Chin. Chem. Lett., 20, pp. 44–47 (2009).
[28] Min, L., Wang, Y.H., Tian, H., Yao, Y.F., Shao, J.H. and Liu, B. ‘‘Ytterbium
triflate as an efficient catalyst for one-pot synthesis of substituted
imidazoles through three-component condensation of benzil, aldehydes
and ammonium acetate’’, J. Fluorine Chem., 127, pp. 1570–1573 (2006).
Bi Bi Fatemeh Mirjalili was born in Yazd, Iran, in 1961. She obtained a B.S.
degree in Chemistry from Alzahra University, Tehran, Iran, in 1987, an M.S.
degree in Organic Chemistry from Tarbiat Moalem University, Iran, in 1991,
and a Ph.D. degree in Organic Chemistry from Sharif University of Technology,
Tehran, Iran, in 2001. She has been Full Professor at Yazd University, Iran, since
2011.
Abdol Hamid Bamoniri was born in Abadan, Iran, in 1958. He obtained a B.S.
degree in Chemistry from Shahid Beheshti University, Tehran, Iran, in 1984, an
M.S. degree in Organic Chemistry from TarbiatMoalemUniversity, Tehran, Iran,
in 1989, and a Ph.D. degree in Organic Chemistry from Bu-Ali Sina University,
Hamedan, Iran, in 2003. He has been Associate Professor at Kashan University,
Iran, since 2007.
Mohammad Ali Mirhoseini was born in Yazd, Iran, in 1978. She obtained her
B.S. and M.S. degrees in Chemistry and Organic Chemistry, in 1998 and 2003,
respectively, from Tehran University and Amirkabir University of Technology,
Iran, where she is now a Ph.D. degree student in the same subject.
